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ABSTRACT 

The cell surface gangliosides G m G OT , and G M are often overex- 
pressed in malignant melanoma. We have shown previously that immu- 
nization of melanoma patients with G^ and Bacillus Calmette-Guirin 
induced an IgM antibody response in most patients and that patients with 
high titer Gmj antibodies showed increased survival. As is commonly seen 
with carbohydrate antigens (which are T independent), the IgM response 
was short lived, and an IgG response was rarely observed. To increase 
immunogenicity, we conjugated covalently with keyhole limpet he- 
mocyanin (KLH). Gmj-KLH vaccine was given to melanoma patients 
alone or with one of the three adjuvants: Bacillus Calmette-Guirin, DE- 
TOX, or QS-21. The most effective vaccine was G M2 -KLH with QS-21. It 
induced a much higher titer, a longer-lasting IgM G M1 antibody response, 
and a consistent IgG response (isotype IgGl and IgC3). It also induced the 
highest titer anti-KLH response. The results suggest that the conjugate 
Gmj-KLH plus QS-21 vacdne elicited significant T-ceU help. Because 
there was no serious toxicity, this vaccine approach is attractive for 
augmenting the immunogenicity of other gangliosides, such as G OT and 
Go,, and to determine the efTects of ganglioside antibodies on the course 
of melanoma. In addition, the finding that QS-21 significantly Increased 
the immunogenicity of Gmj-KLH suggests that it may do the same for 
other conjugate vaccines, many of which are currently used without 
adjuvant 



INTRODUCTION 

One of the changes that occur in the process of malignant trans- 
formation is an altered pattern of cell surface ganglioside expression 
in certain types of cancer, including malignant melanoma (1). In 
normal melanocytes, G^ * lhe predominant ganglioside. Other 
gangliosides, which include G D3 , G^ G Dli> and G-n b , constitute less 
than 10% of the total (2). In malignant melanoma, activation of 
glycosylating enzymes leads to increased expression of G D3 , G^, 
Gmj, and 9-0-acetyl G D3 (3, 4). These overexpressed gangliosides are 
attractive targets for immunotherapy, including active immunization 
with ganglioside vaccines. In a series of studies involving 

^vu se- 
rines in patients with malignant melanoma, we have shown that 
vaccination (after low-dose cyclophosphamide and with BCG as 
adjuvant) induces IgM antibodies to G M in most patients (5), and that 
disease-free interval and survival are extended in patients producing 
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high-titer G^ antibodies (6, 7). However, the induced antibody 
response to G M2 has the: characteristics of a T-independent response 
(predominantly IgM, short duration, inconsistent IgG response, and 
lack of booster effect), and the other melanoma gangliosides, G D3 and 
G D2 , are not immunogenic when administered in the same way (8). As 
the relevant epitopes are carbohydrates, we have explored approaches 
to increasing immunogenicity that are suggested by the successful 
development of carbohydrate vaccines for bacterial infections. In the 
mouse, we have shown that the immunogenicity of G D3 is markedly 
increased by covalent blading to KLH and that mice immunized with 
the G D3 -KLH conjugate and the adjuvant QS-21 show a high-titer 
IgM response, followed by a strong, long-lasting IgG response (9). 
We have now begun to test ganglioside conjugate vaccines in mela- 
noma patients and report here the results of initial studies with 
vaccines containing G M2 -KLH conjugate plus various adjuvants. 

MATERIALS AND METHODS 
Patients 

Forty-eight patients with malignant melanoma stage III or stage IV who 
were free of detectable disease as a consequence or surgery within the previous 
4 months were treated. None of the patients had received prior chemotherapy 
or radiation therapy. Six of the 30 patients receiving G M2 -KLH plus QS-21 
were part of an initial Phas-: I study and have been described previously (10). 

Vaccine Preparation and Administration 

Gmj-KLH Vaccine. G M2 -KLH conjugate was prepared by Biomira, Inc. 
and in our laboratory as described previously for G D3 -KLH conjugate vaccine 
(9). Briefly, the conjugation procedure involved ozone cleavage of the ceram- 
ide double bond of G^, introduction of an aldehyde group, and conjugation to 
aminolysyl groups of KLH by reductive aminalion. The G M2 :KLH molar ratio 
was approximately 800:1, and one patient dose contained 70 *ig and 
approximately 500 jig KLH in 0 .5 ml of normal saline. Groups of six patients 
each received G M2 -KLH conjugate without adjuvant G^-KLH with DETOX, 
and Gmj-KLH with BCG, and thirty patients received G^-KLH with QS-21. 

Four vaccinations were administered intradermal^ into extremities with 
intact lymphatic drainage at 2-week intervals, followed by two additional 
vaccinations at 8-week intervals. Cyclophosphamide (Cytoxan; Mead Johnson 
and Co., Evansville, IN; 200 mg/rn 2 ) was administered i.v. to all patients 4 to 
6 days before the first vaccination. 

Immunological Adjuvants. DETOX was produced and supplied by Ribi 
Immunochem Research, Inc. (Hamilton, MT) formulated as a lyophilized oil 
droplet emulsion. It consists of CWS from BCG and MP LA from Salmonella 
minnesota R595. On the day of vaccination, 0.25 ml DETOX (250 pg 
CWS + 25 u.% MP LA) was mixed with the G^-KLH preparation. The 
vaccine (final volume, 0.75 ml) was vortexed for 2-3 rrrin and administered to 
the patients within 15 min. BCG was purchased from Bionetics Research, Inc. 
(Rockville, MD). On the day of vaccination, 10 7 viable units of BCG in 0.1 ml 
normal saline were added to the G^-KLH vaccine in each individual syringe 
(final volume, 0.6 ml). The contents were mixed and administered to the 
patients within 15 min. QS-21 adjuvant (a homogeneous saponin purified from 
the bark of Quillaja saporaria Molina; Refs. 11 and 12) was provided by 
Cambridge Biotech, Inc. (Worcester, MA). QS-21 (100 or 200 jig) were 
diluted in 0.25 ml normal saline and mixed with G M2 -KLH. The vaccine (final 
volume, 0.75 ml) was vortt:xed for 2-3 min and administered within 15 min. 
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than 11 weeks. The second booster vaccination had no clear effect on 
antibody titers in most cases. Thus, the response to booster vaccina- 
tion showed only one of two characteristics of the classical secondary 
immune response. The response occurred more rapidly, but antibody 
titers did not rise higher then after the initial immunization. 

KLH antibodies were not detected in pretreatment sera. After 
vaccination, all patient sera showed reactivity with KLH as indicated 
in Table 1. The highest titers of IgG antibodies were seen after 
administration with QS-21 (the first six patients were rested), signif- 
icantly higher than in all other groups, including the next-best group 
of patients vaccinated with G^-KLH and BCG (P = 0.006). In the 
QS-21 group, there was no correlation between the strength of the 
G M2 response and the KLH response. 




Fig. 1 Median IgM and IgG antibody titers over time in groups of six melanoma 
anenu after immunization with G M2 -KLH alone or G Mr KLH plus u^munologiS 
adjuvants DETOX, BCG. and QS-21 . Arrow,, limc of vacrine injecdons 
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Specificity Analysis of Antibodies. The specificity of gan- 
glioside antibodies defected in the patients' sera before and after 
immunization was determined by dot blot immune stains using the 
ganglioside standards G M3 , asialo-G^. G M2 , G M1 , G D2 , G D3 , G Dlt , 
a™ G Dlb (F lg . 2; first 5-ix patients of G M2 -KLH plus QS-21 group are 
shown). Preimmunization IgM and IgG antibodies from most patients 
showed weax reactivity with asialo-G M2 , and some patients also had 
IgM antibodies against G M1 and G Dlb . Reactivity with these ganglio- 
sides was not altered by immunization. The only vaccine-induced 
changes were strong reactivity with G M2 and weak reactivity with 
G D2 . Dot blot immune stains were graded as 0 1"" 2* or 3 + 
Reactivity of 3+ for IgM antibodies against G M2 was" seen in the 
serum of 28 of 30 patients immunized with G^-KLH and QS-21, in 
1 of 6 patients treated with G M2 -KLH and BCG, and in 2 of 6 patients 
treated with G M2 -KLH without adjuvant or G M2 -KLH and DETOX 
Reactivity of 3+ for IgG antibodies was seen in 16 of 30 patients 
immunized with G^-JOH and QS-21 and in none of the patients in 
the other treatment groups. 

Postvaccinal sen: from the first six patients immunized with 
G^q-KLH and QS-21 were also tested by immune thin layer chro- 
matography (Fig. 3) for reactivity with G M2 and other gangliosides of 
a melanoma tissue extract Most patients* sera showed strong IgG and 
IgM reactivity with G^ isolated from bovine brain or melanoma 
Antisera reactivity was seen also with a lower migrating band in 
melanoma extract, presumably G D2 . 

To confirm the G D:: cross-reactivity of IgG antibodies, postvac- 
cination serum from patient no. 2 was preincubated with either 
G M2 or G D 2 bef ore performing the immune stain (Fig. 4). Reac- 
tivity with Gmj, and with G D2 in the melanoma ganglioside extract, 
was completely inhibited by preincubation with G M2 . On the other 
hand, preincubation of the same serum with G D2 resulted in inhi- 
bition of G D2 reactivity only and did not change reactivity with 
G^. These results suggest the presence of two populations of 
antibodies, one reacting with G M2 alone and another with reactivity 
for G M2 and G D2 . 

Subclass Determination of IgG Antibodies. IgG sera from the 
first six patients immunized with G^-KLH and QS-21 were tested by 
ELISA using a panel of IgG subclass-specific secondary antibodies. 
The results are summarized in Table 2. The IgG antibodies in all six 
sera tested were of IgGl and IgG3 subclass. 
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cand.da.es for vacone construction and thai melanoma ganglioside 
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Hudiesin children, all conjugate vaccines induced a much stronger 
antibody response than unconjugated Hib PRP vaccine (30) S Z 
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showed an anamnestic IgG response, even if chaUenged aVan I« a! 

nTrS wSprp } ' T D Ml,S ^ Md *>" *<y 

a«Th« """/RP-^Ponsive B<ells is still far from clear The 

per o . ' , . _ tcwgnizcs o D3 . Kabbits immunized with 

BEC-2 produced anti-G DJ antibodies (35), and initial studieTofTh, 
unmunogemciry of BEC-2 in human patien* JCder ™ ' ^ 
Regarding conjugate vaccines, our initial sludies with G in ,h. 

groups by reductive ammation. Of five carriers tested, polyt-lysine 
KLH, canonized BSA, ,V e ,„erf fl 

SwQS^.S^ ^ " 0t inUnUn °8 enic ' ^« best ad- 
b»rw n ,7 ' homo 8 eneous "Ponin fraction purified from the 

22? ,£L ^ m "' ;l1 amib0dy ti,er: W a ra P id se «""lary rise of 
K a . ^ We,S ■** b0 ° S,M ™^oas; (e) main,«an« of 
an«,body t.ters after booster immunizations for up to 10 weete 

to HM ST "f UC,i0n ° f ,8 ° antib0dy a ' ** S 
W gM anybody products, except for the initial delay of ' week 

TTtcse findmgs have now been reproduced in human ^L^t 



? n ^tT^ 0n a " 0ther vaccine 

ihaa DETOX ."K ^ijSKj- •*«« 

The antibody response had many characteri**,™ A f . t t, 

immunization schedule .l . . . . weejes. in the 

S«u C pro em earners also confers immunogenicitv to G 9n H 
this on be accomplished , ""conjugated vaccines. If 



REFERENCES 



Gangliosides on normal and IStafc iE^* i* M - Wd Var ^ M. 
Commit 720: 500-504 lZ ^ """"^ Bioche »- Biopbys. R«. 

3. Hamilton, W. fl., H elW F./uoyd. K. O «h i ■ • 

"Passion on human maligna^ mdanom. a^tj ^T^. * °" Gan * Uo$ide 

4. Tsuchida. T Sarfnn Dew ^ '™J. 

, j: Sf&S^ °& ^j* *• F - o-*— or b 0m .„ 

O-naoisauon of IgC and igM ^ ^ F - Old, L J. 

an with purified C M , p^kj*^^™"*"^ P» Iie "» by immuni- 

vaccination with BCG BCG ol« it 1. A lwldomtod tri * J * "Jjuvam 

PP. 287-296. New York : AIm R^f^ " W TT.er.pv, V 0 |. 99, 

9 - Helling, F., Shmig, A Calves M j » c D 



2788 



■ion of wSi^^^jjJ; D - •»« chwc^. 

Immunol, I4t: 431-437, 199! * ™" <M W 1 ^ 0M ™ molim coneTT 

5c V i-c£Si^££ ^ «: J - ^^o. D. Recchia. , 
„ CDS- cyUKoxic WmSi; «~n^ /T*" T""" 00 *"*-£5fc 

Ro, 34: 15I1.U]6. 1994 t '^ M ' ,mibo,, !' w '*«'i'«morwi»ii».a«„ 
M «te ™>« of hunt ^ * F, Md Old. L J. 

* Sou, Lid, 1987. • ^"*W ^3-2ttl^oiuGnMBi^:J.wS; 
IS. JenniiiK H. 1 Asliim per- 

modified 0roup B .n^n^^r^ST "T ** A ""^r 

. Wile, * Sons. LuJ, 1987 Crtoh )' d «' V,ccm«, pp. ,),. 13| . 
a. Unditeiiiei, K, ud Qux M w c : 

response of iafuu to iw itoZS'v . , -. PTO '«" ve of the 

3i hfea Dh. J. ,0: 1,)8™U ^ ° A ^'*^ bv ^^^" 

*^2* ^^^^^f. - G^off. D. M. 

iiw. Type bX a 2^*„r' , "' s ™ n "" u,ile<l wil * 

' "SSefSliS.^^ F - *. L J., „d Uviogston, P. 0. 

1403-1410. 1990. chetiweidly O-ieoyliied G 03 . Cwcer R es ., ^. 

^ 186-192, 199). ' lli,0, W K "■onocionri „„bod,. J. Qj,. , nvesL- ^ 
i S ^^»S£SJS5 fc SE,, "" i '"' ° f hUn " n b ' li " 



